Recent animal studies have suggested that sodium-glucose co-transporter 2 (SGLT2) inhibitors have mitochondrial and cardiorenal protective effects. Herein we report the case of mitochondrial diabetes successfully treated with an SGLT2 inhibitor empagliflozin. Although the underlying mechanisms have still not been completely investigated, SGLT2 inhibitors may improve mitochondrial function, suppress oxidative stress and restore autophagy. SGLT2 inhibitors could be a treatment option for patients with mitochondrial diabetes.
Introduction
Mitochondrial diabetes, also known as maternal-inherited diabetes with deafness, is characterized by a gradual progression of pancreatic β-cell dysfunction upon aging. The development of mitochondrial diabetes is associated with m.3243A>G mutation that affects insulin secretion via decreased ATP synthesis [1] . Although some agents such as coenzyme Q10 [2] potentially have a therapeutic effect on mitochondrial disease, the early use of insulin injection is commonly required to treat mitochondrial diabetes due to insulin deficiency.
Sodium-glucose co-transporter 2 (SGLT2) inhibitors are oral glucose-lowering agents that have beneficial effects on cardiovascular disease [3] [4] [5] . Recently, several studies have shown the pleiotropic effects of SGLT2 inhibitors. Notably, SGLT2 inhibitors may exert mitochondrial and cardiorenal protective effects by inhibiting complex I activity in the mitochondrial electron transport system [6] . SGLT2 inhibitors might be useful in treating mitochondrial diabetes.
Herein we report the case of mitochondrial diabetes successfully treated with an SGLT2 inhibitor empagliflozin and discuss the mechanism of its protective effect on mitochondrial function.
Case Report
A 36-year-old man visited our hospital in April 2019 after being diagnosed with hyperglycemia during his annual medical checkup. At the age of 52 years, his mother died of mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes; therefore, he requested for a detailed examination. His height and weight were 172.5 cm and 74.5 kg, respectively. His fasting plasma glucose and hemoglobin A1c levels had increased to 190 mg/dL and 11.0%, respectively, at the first visit. He showed negative results for anti-glutamic acid decarboxylase antibody, anti-insulinoma-associated antigen-2 antibody and anti-insulin antibody. However, his urinary C-peptide levels had decreased to 44.9 (normal range: 59 -140) µg/day. In addition, his blood lactate-to-pyruvate ratio increased to 16.5 (lactate and pyruvate levels were 19.1 and 1.16 mg/dL, respectively). Although he did not present with neuromuscular manifestations and deafness, mitochondrial DNA sequence analysis revealed m.3243A>G mutation. He was diagnosed with mitochondrial diabetes; therefore, insulin therapy combined with diet therapy was initiated. As a result of taking three units of insulin aspart before breakfast and dinner and four units of insulin glargine before bedtime, his blood glucose level became stable. Furthermore, HbA1c levels decreased to 7.1% in August. A 10 mg/day dosage of empagliflozin, an SGLT2 inhibitor, was added to the insulin therapy, and the treatment using insulin aspart was discontinued. HbA1c levels further decreased to 6.6% in September, and blood lactate-to-pyruvate ratio decreased to 14.4 (lactate and pyruvate levels were 12.1 and 0.84 mg/ dL, respectively). Finally, insulin therapy was completed. Two months after the administration of empagliflozin, he maintained good glycemic control (HbA1c level, 6.5%) without any adverse effects, and his body weight did not reduce (76.9 kg).
Discussion
To the best of my knowledge, this is the first report to demonstrate the efficacy and safety of empagliflozin monotherapy for treating a patient with mitochondrial diabetes. The blood lactate-to-pyruvate ratio might have decreased due to the administration of empagliflozin. SGLT2 inhibitors might be a promising drug class for treating mitochondrial diabetes.
Mizuno et al [7] recently showed that treatment with empagliflozin normalizes the size and number of mitochondria as well as prevents the reduction in the number of mitochondria after myocardial infarction in cardiomyocytes of diabetic rats.
The study suggested that the administration of empagliflozin reduced the level of reactive oxygen species and restored autophagy. In addition, Takagi et al [8] demonstrated that ipragliflozin restores morphological mitochondrial damage in renal tubules and improves mitochondrial function in mice with high-fat diet. Furthermore, a study by Durak et al [9] suggested that dapagliflozin exhibited a cardioprotective effect via the augmentation of mitochondrial function and suppression of oxidative stress in rats with high-carbohydrate diet-induced metabolic syndrome. Although the underlying mechanism has still not been completely investigated, SGLT2 inhibitors may improve mitochondrial function. Mitochondrial dysfunction can lead to insulin resistance and secretion impairment. Patients with m.3243A>G and diabetes usually have insulin resistance as well as insulin deficiency. Previous studies reported that only 13% patients with m.3243A>G mutation and diabetes required insulin therapy at disease onset [10] . In this case, insulin secretion did not completely decrease; therefore, the patient could achieve glycemic control with low-dose insulin therapy. The pathophysiological condition of the patient was supposed to be attributed to both insulin resistance and insulin deficiency. The administration of SGLT2 inhibitors might improve insulin resistance through the improvement of mitochondrial function in addition to fat utilization, browning of white adipose tissue and reducing obesityinduced inflammation [11] . However, to elucidate the underlying mechanism, further research is required.
